Over-ventilation can compromise coronary perfusion pressures during cardiopulmonary resuscitation (CPR) and should be minimised. We compared ventilations during manual and mechanical (load-distributing band -LDB) CPR, which gives ventilation prompts. Our primary objective was to compare the ventilation rate between manual CPR and LDB-CPR. Method: This was a phased, non-randomised study at a tertiary hospital emergency department. All out-of-hospital, non-traumatic cardiac arrest adult patients during the study period from February 2007 till July 2008 were eligible. Pregnant females and patients aged less than 18 years of age were excluded. Ventilation rates in the first and second 5 minutes segments were recorded. Over-ventilation was defined as ventilation rate above 12 breaths per minute. All data analyses were performed with SPSS, version 17.0. Mean differences with 95% confidence interval (CI) were compared between the 2 treatment groups. Results: , there were 62 with LDB-CPR. In the first 5 minutes of CPR, the proportion of patients that were over-ventilated, was 27.6% (manual) and 4.8% (LDB) (difference = 22.7%; 95% CI: 3.5-46.4%). In the next 5 minutes, the proportion of patients that were over-ventilated was 37.9% and 1.6% for manual and mechanical CPR respectively (difference = 36.3%; 95% CI: 16.5-58.9%). Conclusion: Over-ventilation is reduced significantly in LDB-CPR compared to manual CPR during the first and second 5 minutes of resuscitation. (Hong Kong j.emerg.med. 2015;22: 172-179) 
Introduction
Out-of-hospital cardiac arrest (OHCA) is a global health problem. The survival rates are dismally low in proportion to the occurrence of OHCA. 1, 2 This has fuelled much research and development in the field of resuscitation to provide solutions to improve survival.
Ventilation has received special attention as it is now being increasingly recognised as an important aspect affecting the outcome of the resuscitation. The recent 2 0 1 0 In t e r n a t i o n a l L i a i s o n C o m m i t t e e o n Resuscitation (ILCOR) guidelines have also emphasized the importance of carrying out chest compressions in the initial first few minutes of a collapse and maintaining ventilations at rate of eight to ten breaths per min while delivering an average of 600 mls of air over 1 second. 3 It has been highlighted that over-ventilation and delivery of a breath over a period longer than 1 second as well as delivering a larger volume of air can adversely affect resuscitative efforts by increasing the intrathoracic pressures thus causing decrease in the coronary perfusion pressures. 3 Over-ventilation can easily occur during resuscitation as attention is often directed towards ensuring appropriate compressions, setting of lines and administration of drugs in accordance to advanced cardiac life support. Attention to airway often stops once the airway is secured with the appropriate adjunct and after placement is checked. Often minimal attention is given to the ventilation rate, ventilation volume and ventilation duration. There have been several studies on compression depth, rate and quality of cardiopulmonary resuscitation (CPR) with mechanical CPR. 2 However, there has been minimal research conducted on the effect of mechanical CPR on the quality of ventilation.
The AutoPulse (ZOLL Medical Corp., Chelmsford, MA) is a noninvasive load distributing band-CPR (LDB-CPR) device, which generates artificial circulation by compressing the chest's anteriorposterior dimension by 20%, measured at the sternum. The device adjusts automatically to the size and shape of each patient. There are prompting 'beeps' to indicate when ventilation should be delivered, which can either be in a '30:2' mode or interspersed with continuous compressions.
In this study, our primary objective was to compare the occurrence of over-ventilation between manual and mechanical CPR. The data collected are part of a phased, before-after cohort evaluation comparing the outcomes of the mechanical (LDB) versus manual CPR. There have been no such comparisons of ventilation as yet published in the literature between manual CPR and LDB-CPR. Our hypothesis was that when the LDB device was used, the occurrence of overventilation would be lower than for manual CPR.
Methods

Study design and settings
We conducted a prospective, observational study at the Emergency Department (ED) of a large tertiary hospital. Data 2008. This was an opportunistic ancillary study on the quality of ventilations/CPR in a subgroup of a larger clinical trial on load-distributing band CPR. 4 The institutional review board at the Singapore General Hospital granted approval for this research project, with a waiver of patient consent. The study site was Singapore General Hospital, with an attendance of 300-500 patients per day. The ED switched over from manual CPR to LDB-CPR in September 2007. This provided an opportunity to conduct a phased, nonrandomised study of the occurrence of over-ventilation and the quality of CPR before and after the transition from manual to LDB-CPR.
Selection of participants
Out-of-hospital, non-trauma, cardiac arrest patients (defined as patients with absence of pulse, unresponsiveness, and apnoea) during the study period made up the study population. Patients younger than 18 years, pregnant females, those pronounced dead without attempting resuscitation and those who had responded to immediate defibrillation before CPR commenced with no subsequent requirement of CPR were excluded.
Data collection and processing
Quality of CPR data was captured for all resuscitations with the LIFEPAK 12 defibrillator/monitor (Physio-Control, Redmond, WA). The CODE-STAT Suite data review software (Version 7.0; Physio-control, Redmond, WA). Data was used to study the ventilation and compression patterns during the resuscitations. In addition, from April 2008, our resuscitation quality assurance program included the use of continuous video recording. Video recordings of all resuscitations were reviewed and timings (e.g. ventilations, handsoff timing) were synchronised with defibrillator data where possible. Data were collected from study report forms, defibrillator downloads, video recordings, ED notes and in-hospital patient records to determine clinical outcomes where possible.
Methods of measurement
As this study was part of a larger outcome study comparing compression rates, CPR flow fraction and no-flow ratio, these indices were also collected together with the ventilation rate. For this paper, we focused on the comparison of over-ventilation between LDB-CPR and manual CPR. The ventilation rate was assessed during the first and subsequent 5 minutes during resuscitation.
The primary outcome measured was the proportion of patients that were over-ventilated, defined as ventilation rate above 12/minute, during the first and second 5 minutes of resuscitation. Based on the ILCOR 2010 recommendations to ventilate between 8 to 10 breaths/minute, over-ventilation was taken to be a ventilation rate of more than 12 breaths/minute. 3 The secondary outcomes measured were quality of CPR including "no-flow" time and compression ratio.
Statistical analysis
All data analyses were performed with SPSS, version 17.0(SPSS, Inc, Chicago, IL) presenting descriptive statistics and frequencies. Continuous data were compared between Manual CPR and LDB-CPR arms by t-test and categorical data by chi-square test. Furthermore, for continuous outcome measures, the mean difference between the two treatment groups with 95% confidence interval (CI) was reported. A 95% CI for mean differences excluding value of zero would be interpreted as statistically significant. For the main end-points of over-ventilation rate in the first 5 minutes and next 5 minutes of CPR, the effect of the treatment group was tested using multivariate logistic regression, adjusting for patient baseline characteristics found to be imbalanced in the 2 arms. The odds ratio (OR) for over-ventilation and its 95% CI was reported, with the effect of treatment interpreted as statistically significant if the 95% CI excludes one.
Results
There were 29 manual and 62 LDB cases between the period of February 2007 to July 2008. Table 1 showed the characteristics of patients treated during the manual and load-distributing band phases. There were no significant differences in age, arrest location, bystander CPR, initial rhythm and whether the arrest was 
Discussion
In this study, we found that over-ventilation was higher during manual CPR compared to LDB-CPR. The differences between the 2 groups were significant during both the first 5 minutes and subsequent 5 minutes of resuscitation. We believe that this is the first study to compare ventilation between manual CPR and mechanical CPR. In the manual CPR group, the average ventilation rate was more than 12 breaths per min at the second five minutes of resuscitation. In the mechanical CPR group, the average ventilation rate was 6.6 breaths per minute throughout the initial ten minutes. These results suggested that the ventilation prompts from the CPR device might help to maintain a steady ventilation rate during resuscitation and was effective in lowering ventilation rates.
In the first few minutes of cardiac arrest, chest compressions are more important than ventilations as the oxygen level in the blood remains high. 3, 5, 6 Myocardial and cerebral oxygen delivery is limited more by the decreased blood flow secondary to poor cardiac output than a lack of oxygen in the blood. Thus chest compressions need to be adequate, effective and with minimal interruptions. 3, 5, 6 During CPR, blood flow to the lungs is substantially reduced (25 to 33% normal) and therefore adequate ventilation-perfusion ratio can be maintained with lower tidal volumes and respiratory rates than normal. 3, 7 A study by Aufderheide et al, showed that overventilation in pigs resulted in significantly increased intra-thoracic pressures with markedly decreased coronary perfusion pressures and survival rates. 8 Studies by Yannonpoulos et al also showed that every time ventilation is delivered, there is a rise in pressure in the thorax and the brain which reduces cardiac and cerebral perfusion pressures. A small change in compression to ventilation ratio in pigs from 15:2 to 15:1 resulted in an increase in diastolic aortic pressure and higher cerebral perfusion pressures. [9] [10] [11] [12] [13] Studies in anaesthetised adults with normal perfusion suggest that normal oxygenation and elimination of CO 2 can be maintained at tidal volumes of 8 to10 mL/kg. 14, 15 As cardiac output drops to less than 20% during CPR, lower tidal volumes and rates can maintain effective oxygenation and ventilation during CPR. 5, [15] [16] [17] [18] [19] As such the guidelines recommend that the volume delivered should be just sufficient to produce visible chest rise.
Breaths should be delivered over 1 second during CPR. This is to avoid high proximal airway pressure which can result in gastric inflation with resultant regurgitation, restrict lung movement and decrease respiratory compliance by elevating the diaphragm thus impeding optimal circulation during CPR. 20 High airway pressures can be also created by short inspiratory time, 7 besides large tidal volumes, high ventilation rates, airway obstruction and poor lung compliance. 21, 22 Our study showed that mechanical CPR appeared to reduce the occurrence of over-ventilation during CPR compared to manual CPR. This was likely due to ventilation prompting from the machine whereas in manual CPR there would be a tendency to overventilate.
The study results showed that the LDB-CPR mechanical device had an average ventilatory rate of 6.6 breaths/min, which was less than that recommended by ILCOR guidelines 2010. This was likely due to the interruptions to resuscitation that occurred during initial intubation and defibrillation efforts. We also noted that LDB-CPR delivers about 60 chest compressions per minute, based on the device's optimum cardiac cycle time. 23 Whether these rates should be adjusted to match current CPR guidelines and how this impacts survival merits further study.
The clinical significance of under-ventilation is also currently not well described and merits further study. We suggest future studies to examine the impact of ventilation rates, tidal volumes and breath delivery durations during mechanical CPR on survival outcomes. More studies could also be carried out to compare the outcomes with the use of different mechanical devices by comparing their device specific ventilation and compression rates. This may help fuel effort to develop better mechanical devices
Limitations
The main limitation concerns the definition of overventilation. We based this on the ventilation rate as this was an obtainable and measurable metric in this study. Tidal volume and duration of inspiration/ expiration also contributes to over-ventilation, however these parameters were not available to us.
Conclusion
This study is the first to show that there is a significant reduction in over-ventilation after a protocol change from manual CPR to LDB-CPR at the ED.
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